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The JAK/STAT pathway reactions and parameters are not inclusive within this text since it has been published 6	
  

by Yamada et al (1). Our model integrates the Yamada model with the addition of compartmentalization.  7	
  

 8	
  

Supplementary Table 1: Model Reactions and Parameters   9	
  

 10	
  

Reaction Function Rate Constant Parameters Units References 

[LPS]+[LBP] à   [LPS-LBP] Binding k77_1  2.5 nM-1s-1 (2) 

[LPS-LBP] à [LPS] + [LBP] Dissociation k77_1minus  0.0251 s-1 (2) 

[LPS]+[CD14] à  [LPS-CD14] Receptor binding k77_2  2.86e-6 nM-1s-1 (2) 

[LPS-CD14] à [LPS] + [CD14] Dissociation k77_2minus  0.0251 s-1 (2) 

[LPS-LBP] + [CD14] à  [LPS-CD14] + 
[LBP] LPS Transfer k77_3  0.00286 nM-1s-1 (2) 

[LPS-CD14] à [LPS] + [CD14] Dissociation k77_3minus  0.0251 s-1 (2) 

[TLR4]+[MD2] à  [TLR4-MD2] Helper protein 
binding 

k77_4 6.47e-6 nM-1s-1 (2) 

[TLR4-MD2] à [TLR4] + [MD2]  Dissociation k77_4minus 3.65e-4 s-1 (2) 

[LPS-CD14]+[TLR4] à  [AC1] Membrane complex 
1 formation 

k77_5 2.33e-6 nM-1s-1 (2) 

[AC1] à [LPS-CD14]+[TLR4] Dissociation  k77_5minus 6.34e-2 s-1 (2) 

[LPS-CD14]+[TLR4-MD2] à  [AC2] Membrane complex 
2 formation 

k77_6 4.37e-4 nM-1s-1 (2) 

[AC2] à [LPS-CD14]+[TLR4-MD2] Dissociation k77_6minus 4.03e-2 s-1 (2) 

[AC1]+[PI3K] à [AC-PI3K] Binding Reaction k79 4.80e-4 nM-1s-1 (3) 

[AC2]+[PI3K] à [AC-PI3K] Binding Reaction k79 4.80e-4 nM-1s-1 (3) 

[AC-PI3K] à sink  Complex 
Degradation 

k80 2.81e-5 s-1 (3) 

[AC-PI3K] → [PI3K_P] PI3K 
Phosphorylation 

k81 2.82e-4 s-1 (3) 



[PI3K_P]+[PDK1] → [PI3K-PDK1] Binding Reaction k82 7.56e-5 nM-1s-1 (3) 

[PI3K_P-PDK1] à sink  Complex 
Degradation 

k83 1.05e-5 s-1 (3) 

[PI3K_P-PDK1] à [PDK1_P] PDK1 
Phosphorylation 

k84 6.84e-4 s-1 (3) 

[PDK1_P]+[PKC] → [PDK1_P-PKC] Binding Reaction k85 0.016 nM-1s-1 (3) 

[PDK1_P-PKC] à sink  Complex 
Degradation 

k86 7.80e-8 s-1 (3) 

[PDK1_P-PKC] à [PKC_P] PKC 
Phosphorylation 

k87 0.016 s-1 (3) 

[PKC_P]+[PCPLC] → [PKC_P-PCPLC] Binding Reaction k88 2.08e-4 nM-1s-1 (4) 

[PKC_P-PCPLC] à sink  Complex 
Degradation 

k89 6.33e-4 s-1 (4) 

[PKC_P-PCPLC] à [PCPLC_P] PCPLC_P 
Phosphorylation 

k90 0.009 s-1 (4) 

[PCPLC_P]+[Asmase] → [PCPLC_P-
Asmase] Binding Reaction k91 1.83e-4 nM-1s-1 (4) 

[PCPLC_P-Asmase] à sink  Complex 
Degradation 

k92 6.33e-4 s-1 (4) 

[PCPLC_P-Asmase] à [Asmase*] Asmase Activation k93 0.009 s-1 (4) 

[Asmase*] + [sphingomyelin] à 
[ceremide]  Enzymatic Reaction 

k94 

k95 

103.83 

590 

nM/s 

nM 

(5) 

(5) 

[ceremide]+[TAK1] → [ceremide-TAK1] Binding Reaction k96 3.30e-4 nM-1s-1 (6) 

[ceremide-TAK1] → sink Complex 
Degradation 

k97 2.17e-3 s-1 (6) 

[ceremide-TAK1] à [TAK1_P] TAK1 
Phosphorylation 

k98 7.40e-3 s-1 (6) 

[TAK1_P]+[SEK1] → [TAK1_P-SEK1] Binding Reaction k99 2.57e-4 nM-1s-1 (7) 

[TAK1_P-SEK1] → sink Complex 
Degradation 

k100 1.60e-5 s-1 (7) 

[TAK1_P-SEK1] à [SEK1_P] SEK1 
Phosphorylation 

k101 5.64e-3 s-1 (7) 

[TAK1_P]+[SEK1_P] → [TAK1_P-
SEK1_P] Binding Reaction k102 2.70e-3 nM-1s-1 (7) 

[TAK1_P-SEK1_P] → sink Complex 
Degradation 

k103 1.60e-5 s-1 (7) 

[TAK1_P-SEK1_P] à [SEK1_PP] SEK1_P 
Phosphorylation 

k104 0.05 s-1 (7) 

[SEK1_PP]+[JNK] → [SEK1_PP-JNK] Binding Reaction k105 1.30e-3 nM-1s-1 (7) 

[SEK1_PP-JNK] → sink Complex k106 1.60e-3 s-1 (7) 



Degradation 

[SEK1_PP-JNK] à [JNK_P] JNK 
Phosphorylation 

k107 0.05 s-1 (7) 

[SEK1_PP]+[JNK_P] → [SEK1_PP-
JNK_P] Binding Reaction k108 1.30e-2 nM-1s-1 (7) 

[SEK1_PP-JNK_P] → sink Complex 
Degradation 

k109 1.60e-3 s-1 (7) 

[SEK1_PP-JNK_P] à [JNK_PP] JNK_P 
Phosphorylation 

k110 0.05 s-1 (7) 

[JNK_PP] à [AP1] JNK_PP Nuclear 
Translocation 

k111 3.40e-3 s-1 (8) 

[AP1] à [JNK_PP] AP1 Cytoplasmic 
Translocation 

k167 1.60e-4 s-1 (8) 

[JNK_P]+[MKP1] → [JNK_P-MKP1] Binding Reaction k112 0.01 nM-1s-1 (9) 

[JNK_P-MKP1] → sink Complex 
Degradation  

k113 1 s-1 (9) 

[JNK_P-MKP1] à [JNK] JNK_P 
Dephosphorylation 

k114 0.05 s-1 (9) 

[JNK_PP]+[MKP1] → [JNK_PP-MKP1] Binding Reaction k115 0.045 nM-1s-1 (9) 

[JNK_PP-MKP1] → sink Complex 
Degradation  

k116 1 s-1 (9) 

[JNK_PP-MKP1] à [JNK_P] JNK_PP 
Dephosphorylation 

k117 0.092 s-1 (9) 

[JNK_P]+[MKP5] → [JNK_P-MKP5] Binding Reaction k118 0.011 nM-1s-1 (9) 

[JNK_P-MKP5] → sink Complex 
Degradation  

k119 0.99 s-1 (9) 

[JNK_P-MKP5] à [JNK] JNK_P 
Dephosphorylation 

k120 0.055 s-1 (9) 

[JNK_PP]+[MKP5] → [JNK_PP-MKP5] Binding Reaction k121 0.046 nM-1s-1 (9) 

[JNK_PP-MKP5] → sink Complex 
Degradation  

k122 0.99 s-1 (9) 

[JNK_PP-MKP5] à [JNK_P] JNK_PP 
Dephosphorylation 

k123 0.093 s-1 (9) 

[TAK1_P]+[IKK] → [TAK1_P-IKK] Binding Reaction k124 8.93e-5 nM-1s-1 (10) 

[TAK1_P-IKK] → sink Complex 
Degradation 

k125 1.0e-4 s-1 (10) 

[TAK1_P-IKK] à [IKK_P] IKK Phosphorylation k126 0.1 s-1 (10) 

[IkBa]+[NFkBc] → [IkBa_NFkBc] NFkBc Deactivation k127 0.5 nM-1s-1 (10) 

[IkBa_NFkBc] à sink Complex 
Degradation 

k128 3.96e-4 s-1 (10) 



[IKK_P]+[IkBa_NFkBc]à[IKK_P-
IkBa-NFkBc] Binding Reaction  k129 0.185 nM-1s-1 (10) 

[IKK_P-IkBa_NFkBc] à sink Complex 
Degradation 

k130 0.0125 s-1 (10) 

[IKK_P-IkBa_NFkBc] à [IKK_P] + 
[NFkBc] NFkBc Activation k131 0.0204 s-1 (10) 

[IkBa_NFkBc] à [IkBa] + [NFkBc] Dissociation 
Reaction 

k132 2.61e-5 s-1 (10) 

[NFkBc] à  [NFkBn] Nuclear transport of 
NFkB 

k133 0.09 s-1 (10) 

[NFkBn] à [NFkBc] Cytoplasmic 
transport of NFkB 

k134 8.0e-5 s-1 (10) 

[NFkB]2 + [STAT1n_P_STAT1n_P] à 
[IRF1_mRNAn] 

IRF1 Gene 
Expression 

k135 

k135b 

k136 

k137 

KIirf2 

4.43e-3 

0.03 

1.94 

10 

364 

nM/s 

nM/s 

nM 

nM 

nM 

(1, 11, 12) 

 

[IRF1_mRNAn] à [IRF1_mRNAc] Cytoplasmic 
transport of mRNA 

k138 1.36e-3 s-1 (1) 

[IRF1_mRNAc] à [IRF1c] Translation k139 0.01 s-1 (1) 

[IRF1c] à [IRF1n] Nuclear Transport of 
IRF1 

k140 5e-3 s-1 (1) 

[NFkB]3 + [AP1] à 
[TNFalpha_mRNAn]  

TNF-a Gene 
Expression 

k141 

k142 

k143 

0.01 

3 

4 

nM/s 

nM 

nM 

(11, 13, 
14) 

[IRF1n]2 + [IRF2n]à 
[TNFalpha_mRNAn] 

TNF-a Gene 
Expression  

k168 

k169 

KIirf2 

1.38e-3 

4.99e-3 

364 

nM/s 

nM 

nM 

(15-17) 

[TNFalpha_mRNAn] à 
[TNFalpha_mRNAc] 

Cytoplasmic 
transport of mRNA 

k144 8.05e-4 s-1 (1) 

[TNFalpha_mRNAc] à [TNFalphac] Translation k145 0.01 s-1 (1) 

[TNFalphac] à [TNFalphaEC]  Cellular Export of 
TNFa 

k146 0.1 s-1 (1) 

[TNFalphaEC] + [TR1] à  [TNFR1] Receptor Binding  k147 0.0183 nM-1s-1 (18) 

[TNFR1] à [TNFalphaEC] + [TR1] Dissociation k148 3.5e-4 s-1 (18) 

[TNFR1] + [TRADD] ßà 
[TNFR1_TRADD] 

Membrane complex 
formation 

k151 0.1 nM-1s-1 (18) 

[TNFR1_TRADD] à [TNFR1] + 
[TRADD] Dissociation k152 0.1 s-1 (18) 

[TNFR1_TRADD] + [TAK1] à 
TAK1_P 

TAK1 
Phosphorylation by 

k153 0.1 nM-1s-1 (18) 



TNFR1_TRADD 

[TNFR1_TRADD] à sink  Complex 
Degradation 

k153b 0.1 s-1 (18) 

[NFkBn]2 + [AP1]2 + [IRF1n] + [IRF2n] 
+ [STAT1n_P_STAT1n_P] à 
[iNOS_mRNAn] 

iNOS Gene 
Expression 

k154 

k155 

KiNOS1 

KiNOS2 

KIirf2 

1e-3 

0.02 

0.022 

0.017 

364 

nM/s 

nM/s 

nM 

nM 

nM 

(11, 13, 
16, 19, 20) 

 

[iNOS_mRNAn] à [iNOS_mRNAc] Cytoplasmic 
transport of mRNA 

k156 1e-3 s-1 (1) 

[iNOS_mRNAc] à [iNOS] Translation k157 0.01 s-1 (1) 

[iNOS] + [arg] à [NO] + [citrulline]  Enzymatic formation 
of NO 

k158 

k159 

5.83e-3 

2800 

nM/s 

nM 
(5) 

[citrulline] à [arginosuccinate] Enzymatic formation 
of arginosuccinate 

k160 

k161 

86 

4.4e4 

nM/s 

nM 
(5) 

[arginosuccinate] à [arg]  Enzymatic formation 
of arginine 

k162 

k163 

171.67 

2.0e5 

nM/s 

nM 
(5) 

[NFkBn]2 à [IkBa_mRNAn] IkBa Gene 
Expression 

k164 1.47e-2 nM-1s-1 (10) 

[IkBa_mRNAn] à [IkBa_mRNAc] Cytoplasmic 
transport of mRNA 

k165 1e-3 s-1 (1) 

[IkBa_mRNAc] à [IkBa] Translation k166 4.08e-3 s-1 (1) 

[IRF1n] à [IRF2_mRNAn] IRF2 Gene 
Expression 

k170 

k171 

0.01 

400 

nM/s 

nM 
(17) 

[IRF2_mRNAn] à [IRF2_mRNAc] Cytoplasmic 
transport of mRNA 

k172 1e-3 s-1 (1) 

[IRF2_mRNAc] à [IRF2c] Translation k173 0.01 s-1 (1) 

[IRF2c] à [IRF2n] Nuclear Transport k174 4.60e-3 s-1 (17) 
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All reactions used within the model and their relative parameters can be found in supplementary table 1. The 12	
  

parameter values in the table above represent optimized parameters, however, they are similar to the 13	
  

preliminary parameters used prior to optimization. Therefore, the references provided give values of parameters 14	
  

prior to optimization. Interestingly, the unoptimized parameters were at most, plus or minus an order of 15	
  

magnitude from the optimized parameters. This can be seen visually in the graph of control iNOS expression 16	
  

under LPS activation before and after optimization as shown in supplementary figure 1.  17	
  



  18	
  

 19	
  

  20	
  

The demonstrate the validity of our model, supplementary figure 2-4 show the time course dynamics of key 21	
  

intermediates within the iNOS expression pathway simulated under LPS and IFN-y stimulation after 24 hr 22	
  

priming simulation. We believe that IFN-y priming is essential to the outcome of infection and the ability of 23	
  

IFN-y to cause a delayed proinflammatory response is key to the outcome of infection since certain bacteria are 24	
  

able to evade the initial oxidative burst caused by TNF-a.  25	
  

The upper and lower MAPK pathways are plotted in supplementary figure 2 and they are expressed in arbitrary 26	
  

units relative to control expression under LPS simulation. Interestingly, the upper MAPK pathway, that is all 27	
  

intermediates from LPS activated complex to ceremide production all peak near 1 however, the lower MAPK 28	
  

pathway composed of TAK1, SEK1, and JNK peak at higher magnitudes. This outcome supports the 29	
  

mechanism of IFN-y priming as it has the ability to increase large concentrations of TNF-a which can activate 30	
  

the lower MAPK pathway through an autocrine mechanism thus by passing the upper MAPK pathway. 31	
  

Furthermore, as opposed to TAK1 and SEK1, dually phosphorylated JNK is short lived since it has a higher 32	
  

tendency to translocate within the nucleus to form the iNOS transcription factor, AP1.  33	
  

  34	
  

 35	
  

 36	
  

 37	
  

Supplementary Figure 1: iNOS Gene Expression Optimization  
The experimental results published by Mustafa et al were normalized and plotted against the simulated control 
expression of iNOS mRNA under LPS stimulation (23).  The parameters were then optimized using freely available 
software, DAKOTA, which was created by Sandia National Labs. Sets 1, 2, and 3 represent the three best-fitted set 
of parameters to the experimental results.  

Supplementary	
  Figure	
  2:	
  MAPK	
  Intermediates	
  	
  
The	
  MAPK	
  intermediates	
  plotted	
  here	
  represent	
  the	
  activation	
  propagation	
  from	
  LPS	
  activated	
  complex	
  to	
  
upper	
  and	
  lower	
  MAPK	
  pathways	
  and	
  their	
  regulatory	
  phosphatases,	
  MKP1	
  and	
  MKP5.	
  IFN-­‐y	
  priming	
  
condition	
  was	
  simulated	
  for	
  24	
  hours	
  upon	
  which	
  the	
  end	
  values	
  of	
  the	
  priming	
  were	
  used	
  as	
  initial	
  
conditions	
  for	
  LPS	
  and	
  IFN-­‐y	
  activation	
  condition	
  that	
  was	
  simulated	
  for	
  8	
  hours.	
  	
  



 38	
  

 39	
  

The NFkB pathway intermediates are plotted in supplementary figure 3. The pathway is composed from the 40	
  

activation of IKK to dissociation of the IkBa-NFkBc complex forming free NFkBc. Although IKK 41	
  

concentrations decrease gradually, phosphorylated IKK concentrations do not see an increase until 3 hours of 42	
  

simulation. This is due to the usage in rapid binding of the IkBa-NFkB complex and the exponential decrease in 43	
  

the IkBa_NFkBc binary complex.  44	
  

 45	
  

 46	
  

 47	
  

The arginine-citrulline cycle plotted in supplementary figure 4 shows a cyclical expression dynamic of arginine 48	
  

returning back to its initial condition. The initial value of arginine was set to saturating levels to understand the 49	
  

mechanism of iNOS, however, the intermediates, citrulline and arginosuccinate both increase in a time 50	
  

dependent fashion as arginine is utilized. Furthermore, the decrease in arginosuccinate is inversely correlated to 51	
  

the increase in arginine back into the system by the enzymatic action of arginosuccinate lyase.  52	
  

Lastly, all initial values of all dynamic species within this model under their respective stimulation have been 53	
  

consolidated in supplementary table 2. Whilst most species are set to zero or have a single initial condition, few 54	
  

species have multiple initial conditions. These values correlate to different conditions used to simulate the 55	
  

model under different stimulations. IFN was 0 under LPS activation only whereas it was set to 10 under 56	
  

Supplementary Figure 3: NFkB Pathway Intermediates  
The NFkB intermediates plotted here represent the activation propagation IKK to the dissociation of the IkBa-NFkB 
cytoplasmic complex and eventual IkBa-mRNAn expression. The rate equations and parameters were initially taken 
from the model published by Sharp et al (10) and the units were modified accordingly to fit our model.   

Supplementary Figure 4: Arginine-Citrulline Cycle  
The three species plotted here represent the simulation of the arginine-citrulline cycle. Through the action of 
arginosuccinate synthase and arginosuccinate lyase, arginine is replenished back into the system after it’s 
utilization by iNOS to produce NO.  



activation conditions. 1 nM IFN was used during IFN priming. The IFN receptors, R and JAK, are also set to 57	
  

similar values as IFN to ensure direct activation.  58	
  

LPS was set to 308 nM, which if converted to density, equals 10 ng/mL, a value used in a various in vitro 59	
  

experiments (21, 22). We assumed that the LPS binding protein, LBP, would be at a similar concentration as 60	
  

LPS and the LPS receptors, namely, CD14, TLR4, and MD2, to be approximately one-hundredth the 61	
  

concentration of LPS. Finally, TNFalphaEC concentrations varied based on activation and/or priming with 62	
  

TNFalpha within the model. 0.5 nM was an activating condition and 0.05 was used for priming.   63	
  

Species Initial Condition (nM) 

IFN 0, 1, 10  

R 0, 1, 10  

JAK 0, 1, 10  

RJ 0 

IFNRJ 0 

IFNRJ2 0 

IFNRJ2_P 0 

STAT1c 1000 

STAT1c_P 0 

IFNRJ2_P_STAT1c 0 

IFNRJ2_P_STAT1c_P 0 

STAT1c_P_STAT1c_P 0 

SHP2 100 

IFNRJ2_P_SHP2 0 

PPX 50 

PPX_STAT1c_P 0 

PPX_STAT1c_P_STAT1c_P 0 

STAT1c_STAT1c_P 0 

STAT1n_P_STAT1n_P 0 

STAT1n_P 0 



PPN 60 

PPN_STAT1n_P 0 

PPN_STAT1n_P_STAT1n_P 0 

STAT1n_STAT1n_P 0 

STAT1n 0 

SOCS1_mRNAn 0 

SOCS1_mRNAc 0 

SOCS1 0 

IFNRJ2_P_SOCS1 0 

IFNRJ2_P_SOCS1_STAT1c 0 

IFNRJ2_P_SOCS1_STAT1c_SHP2 0 

IFNRJ2_P_STAT1c_SHP2 0 

IFNRJ2_P_SOCS1_SHP2 0 

IFNR 0 

LPS 0, 308 

CD14 (LPS/100) 

LBP 0, 308 

MD2  (LPS/100) 

LPS_CD14 0 

LPS_LBP 0 

TLR4_MD2 0 

TLR4 (LPS/100) 

AC1 0 

AC2 0 

PI3K 10 

AC_PI3K 0 

PI3K_P 0 

PDK1 10 

PI3K_P_PDK1 0 

PDK1_P 0 



PKC 10 

PDK1_P_PKC 0 

PKC_P 0 

PCPLC 10 

PKC_P_PCPLC 0 

PCPLC_P 0 

Asmase 10 

PCPLC_P_Asmase 0 

Asmase_star 0 

Sphingomyelin 100 

Ceremide 0 

TAK1 10 

Ceremide_TAK1 0 

TAK1_P 0 

SEK1 10 

TAK1_P_SEK1 0 

SEK1_P 0 

TAK1_P_SEK1_P 0 

SEK1_PP 0 

JNK 10 

SEK1_PP_JNK 0 

JNK_P 0 

SEK1_PP_JNK_P 0 

JNK_PP 0 

AP1 0 

MKP1 50 

JNK_P_MKP1 0 

JNK_PP_MKP1 0 

MKP5 0 

JNK_P_MKP5 0 



JNK_PP_MKP5 0 

IKK 10 

TAK1_P_IKK 0 

IKK_P 0 

IkBa 0 

NFkBc 0 

IkBa_NFkBc 100 

IKK_P_IkBa_NFkBc 0 

NFkBn 0 

IkBa_mRNAn 0 

IkBa_mRNAc 0 

IRF1_mRNAn 0 

IRF1_mRNAc 0 

IRF1n 0 

IRF1c 0 

TNFalpha_mRNAn 0 

TNFalpha_mRNAc 0 

TNFalphac 0 

TNFalphaEC 0, 0.05, 0.5 

TR1 308 

TNFR1 0 

TNFR1i_TRADD 0 

TRADD 308 

iNOS_mRNAn 0 

iNOS_mRNAc 0 

iNOS 0 

Arg 1000 

Citrulline 0 

Arginosuccinate 0 

NO 0 



IRF2_mRNAn 0 

IRF2_mRNAc 0 

IRF2c 0 

IRF2n 0 

 64	
  

 65	
  

 66	
  

 67	
  

 68	
  

 69	
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